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Abstract. —Sixteen new sequences of the chloroplast gene rbcL were used to assess evolutionary 
relationships in Dennstaedtiaceae. Sequence data from nuclear 18S rRNA genes from several den- 
nstaedtioid ferns were also analyzed and found to support some of the inferences based on rbcL 
data. Of the 1860 nucleotide sites of the 18S rRNA gene examined, 215 sites (11.6%) were variable 
and 71 sites (3.8%) were phylogenetically informative. The 18S rRNA gene appeared to be evolv¬ 
ing at about one ninth of the rate of rbcL, and therefore 18S data should provide increased reso¬ 
lution for phylogenetic studies of the early branches in fern evolution. In the context of those 
species sampled, the following phylogenetic patterns were evident from maximum parsimony and 
maximum likelihood analyses of rbcL: 1) Dennstaedtia was the only genus that was not mono- 
phyletic: Leptolepia and Microlepia diverged from within Dennstaedtia ; 2) Tapeinidium did not 
emerge with the lindsaeoid genera, in which it is usually treated, but instead diverged at the base 
of the dryopteroid clade; 3) Lonchitis diverged at the base of the lindsaeoid clade, as in previous 
analyses of rbcL, a pattern supported by phylogenetic analysis of 18S rDNA; 4) Saccoloma emerged 
within the Hypolepis clade; 5) Ortbiopteris (a segregate genus of Saccoloma) diverged after Dick- 
soniaceae but before all other clades ol higher indusiate ferns; 6) Coptodipteris (usually treated as 
Dennstaedtia) emerged as a sister to Saccoloma ; 7) Dennstaedtiaceae sensu lato appear to be 
polyphyletic, with the lindsaeoid genera (plus Lonchitis) emerging as a separate clade to Denn¬ 
staedtiaceae sensu stricto; 8) Monachosorum diverged from within Dennstaedtiaceae sensu stricto. 


Dennstaedtiaceae, like many other fern groups, have suffered a restless tax¬ 
onomic history. The family name was first used by Herter (1940), but not pub¬ 
lished validly until 1970 (Pichi Sermolli, 1970a). The number of constituent 
genera in Dennstaedtiaceae has ranged from 8 (Ching, 1940) to over 90 (Holt- 
turn, 1947), but more recently has converged to an approximate consensus of 
16 to 18 genera (Lovis, 1977; Tryon and Tryon, 1982; Kramer, 1990a). Unless 
otherwise indicated, I refer to the Dennstaedtiaceae of Kramer (1990a), who 
illustrates the uncertainty of current systematics with a description of the fam¬ 
ily that does not include a single defining characteristic. Mickel (1973), who 
described a Dennstaedtiaceae similar to that of Kramer (1990a), included those 
genera with, “Marginal sori with two indusia, tetrahedral spores, creeping rhi¬ 
zome, solenostele, rhizome indument of hairs, terrestrial inhabitants of wet 
forests.” This definition is rather restrictive in that it excludes some of the 
lindsaeoid genera (e.g. Lindsaea, Odontosoria, and Ormoloma), which gener¬ 
ally have a characteristic protostele. Mickel (1973) noted that some authors 
have treated these genera as a separate family: Lindsaeaceae (Ching, 1940, 
Kramer, 1957, Pichi Sermolli, 1977), whereas others combine Dennstaedtiaceae 
sensu stricto and the lindsaeoid genera (Lovis, 1977; Tryon and Tryon, 1982; 
Kramer, 1990a) into Dennstaedtiaceae sensu lato. Regardless of taxonomic 
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Fig. 1 . Comparison of three recent classifications of Dennstaedtiaceae. 


treatment, the question remains as to whether the lindsaeoid genera represent 
a phylogenetic sister group to Dennstaedtiaceae sensu stricto. 

Three modern treatments of Dennstaedtiaceae sensu lato are compared in 
Fig. 1. All three segregate the lindsaeoid genera but vary in their division of 
the remaining genera. Whereas Tryon and Tryon (1982) segregated only Mon¬ 
achosorum to its own tribe, Lovis (1977) included this genus in a large “ Hy¬ 
polepis ” group, leaving only Dennstaedtia, Microlepia and Saccoloma in sub¬ 
family Dennstaedtioideae. Kramer’s (1990) system is similar to that of Tryon 
and Tryon (1982) except that Monachosorum is removed to a monotypic family 
and Saccoloma (with its segregate Orthiopteris ) is placed in its own subfamily 
within Dennstaedtiaceae. Lovis (1977) considered Taenitis and Idiopteris to 
belong in Dennstaedtiaceae, but most other authors include these genera in 
Pteridaceae. 

Several genera currently not considered in the family previously have been 





308 


AMERICAN FERN JOURNAL: VOLUME 85 NUMBER 4 (1995) 


treated in Dennstaedtiaceae. Holttum (1947) included Culcita (Dicksoniaceae) 
and considered it a link between Dennstaedtia and the Dicksoniaceae. Pteri- 
dium was originally included in Pteris by Linnaeus (1753) because of the mar¬ 
ginal position of the sori. However, Pteridium has a second (true) indusium 
and was therefore segregated, but treated as a related genus, in Pteridaceae by 
Ching (1940); in subfamily Pteridoideae of Polypodiaceae by Christensen 
(1938); and in subfamily Pteridoideae of Dennstaedtiaceae by Holttum (1947, 
1973). Manton and Sledge (1954) were the first to observe the difference in 
chromosome numbers between Dennstaedtiaceae sensu lato and the gymno- 
grammoid ferns, including Pteris. Subsequently, Pteridium and Pteris have 
been considered as distant relatives by most authors, except Holttum (1973) 
and Mickel (1973), who both suggest a link, but refrain from treating the two 
genera in the same family. Monachosorum has variously been treated, even in 
the most recent works, as a genus within Dennstaedtiaceae (Lovis, 1977; Tryon 
and Tryon, 1982) or in a separate family, the Monachosoraceae (Pichi Sermolli, 
1970b; Kramer, 1990b). 

Among the higher leptosporangiate ferns, Dennstaedtiaceae occupy a central 
(or phylogenetically basal) position in the phyletic schemes of several authors 
(Holttum, 1973; Mickel, 1973; Lovis, 1977; Pichi Sermolli, 1977). The assump¬ 
tion here appears to be that most of the higher indusiate families have evolved 
from Dennstaedtioid ancestors. In most of the above schemes Dennstaedtiaceae 
evolved from Dicksonioid stock, so that the tree ferns are generally considered 
to be more basal than Dennstaedtiaceae. Kramer (p. 50 in Kubitzki, 1990), 
perhaps emphasizing our lack of robust phylogenetic information, recognized 
at least 11 unresolved groups of fern families, with Dennstaedtiaceae allied 
only to the tree fern families. 

To infer phylogenetic relationships among higher taxa requires a sound 
knowledge of the constituent groups within the higher taxa. However, because 
family circumscriptions vary among taxonomic treatments, so do the defining 
characteristics of the families. This, in turn, affects inferences about bow fam¬ 
ilies are related. That Dennstaedtiaceae are (presumably) an old family relative 
to other leptosporangiate fern families merely confounds the problem. Old taxa 
will have had more time for evolutionary convergences to accumulate, for 
characters to be entirely lost from constituent taxa, and for lineages to go ex¬ 
tinct. Such gaps in taxon and character sampling can weaken phylogenetic 
inference (Wagner and Smith, 1993). 

The need for sources of phylogenetic information in addition to morphology 
for the ferns has long been recognized (Lovis, 1977). In the last five years 
molecular approaches have provided valuable information for inferring rela¬ 
tionships among pteridopbytes. Although molecular data are not immune to 
the problems discussed above (Lecointre et al., 1993), several robust phylo¬ 
genetic hypotheses of ferns have been generated from DNA nucleotide varia¬ 
tion. In addition to the other papers published in these symposium {proceed¬ 
ings (Hasebe et al., 1995; etc.), two extensive studies have employed DNA 
sequence data to examine fern phylogenies; both used cladistic analyses of 
nucleotide variation for the chloroplast gene rbcL. The broadest analysis (Has- 
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ebe et al., 1994) included most of Kubitzki’s (1990, 1990) fern families, whereas 
Wolf et al. (1994) focused on Lovis’ (1977) “dennstaedtioid” families (i.e., 
Dennstaedtiaceae, and the higher indusiate families). The findings from these 
molecular studies and from Hasebe et al. (1995) pertinent to Dennstaedtiaceae 
are summarized below: 

1. In the phylogenetic hypotheses generated by Hasebe et al. (1994, 1995) 
and Wolf et al. (1994), Dennstaedtiaceae emerges on a basal clade within the 
leptosporangiate ferns. In fact the overall phylogenetic position of the family, 
emerging early, but after the tree ferns, fits well into most previously published 
phyletic schemes. 

2. According to all three studies, the lindsaeoid genera occupy a clade sep¬ 
arate from Dennstaedtiaceae sensu stricto. According to Wolf et al. (1994), 
Dennstaedtiaceae sensu lato are paraphyletic, whereas according to Hasebe et 
al. (1994, 1995) Dennstaedtiaceae sensu lato are polyphyletic. 

3. Monachosorum occurs on a clade within Dennstaedtiaceae sensu stricto. 
Wolf et al. (1994) further resolves the position within this clade whereby Mon¬ 
achosorum groups with the Hypolepis group of genera rather than the Denn- 
staedtia/Microlepia clade. 

4. Culcita (Calochlaena ) emerges with Dicksoniaceae (as in most modern 
treatments) rather than Dennstaedtiaceae sensu stricto (Holttum, 1947). 

5. Pteris is allied with Adiantum according to Wolf et al. (1994). Hasebe et 
al. (1994, 1995), who sampled more Pteridaceae and Adiantaceae, further re¬ 
solved the phylogenetic position of Pteris. 

6. Wolf et al. (1994) found that Lonchitis (a single representative) emerged 
at the base of the lindsaeoid clade rather than with Dennstaedtiaceae sensu 
stricto. Hasebe et al. (1995) placed Lonchitis either in the lindsaeoid clade or 
on its own below other dennstaedtioid genera, depending on the method of 
analysis. 

7. Hasebe et al. (1994, 1995) found that Taenitis emerges in the Pteridaceae 
with Platyzoma as a sister genus. This is consistent with modern treatments 
(Tryon and Tryon, 1982, Kubitzki, 1990). 

The present paper complements that of Wolf et al. (1994), and focuses on 
phylogenetic relationships within Dennstaedtiaceae. This paper seeks to: a) 
Increase taxon density within Dennstaedtiaceae to test the findings of Wolf et 
al. (1994) and increase phylogenetic resolution within the family; b) Inter the 
phylogenetic position of the additional dennstaedtioid genera Leptolepia, Cop- 
todipteris [treated in Dennstaedtia by Kramer (1990a)], and Saccoloma (with 
its segregate genus Orthiopteris)', c) Deduce the phylogenetic position of the 
additional lindsaeoid genus Tapeinidiunv, d) Test the utility of a nuclear rRNA 
gene for inferring phylogenetic relationships in Dennstaedtiaceae and other 

ferns. 


Materials and Methods 

I obtained material from several sources: Wild plants (fresh and field-des¬ 
iccated), botanical gardens, sporophytes produced by gametophytes grown 
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I able 1. Accession data. MBG — Missouri Botanical Garden; LJCBG = University of California Bo¬ 
tanical Garden; SA = Strybing Arboretum; * indicates DNA extracted from an herbarium specimen; RLC 
denotes sequence provided by Russell L. Chapman. 


Species 

Origin 

Source 

Voucher 

deposit 

Genbank Genbank 

Acc. # Acc. # 

rbcL 18S 

Blotiellci pubescens (Kaulf.) 
R. Tryon 

La Reunion 

D. Strasberg s.n. 

UTC, REU 

U05911 


Coptodipteris wilfordii (T. 
Moore) Nakai & Momose 

Mt. Fuji, Japan 

To gash i 360 

UC 

U18635 


Dennstaedtia punctilobula 
(Michx.) T. Moore 

Vermont, USA 

C. Paris s.n. 

UTC 

U05918 


Dennstaedtia samoensis 
(Brack.) Moore 

Vanuatu 

Kew #1971 -5068 

UTC 

U18637 


Dennstaedtia auriculata 
Navarrete 

Ecuador 

H. Navarrete s.n. 

QCA 

U18636 


Histiopteris incisa (Thunb.) 
J. Sm. 

New Caladonia 

UCBG 57.0776 


U05926 

U18630 

Hypolepis muelleri Wakef. 

Australia 

J. Thomson 189 

UTC 

U05927 

U18631 

Hypolepis aspidoides Christ 

Western Samoa 

Kew #1965-58402 

UTC 

U18634 


Hypolepis hostilis (Kunze) 

C. Presl 

Ecuador 

H. Navarrete 

QCA 

U18638 


Leptolepia novae-zelandiae 
(Colenso) Mett. ex. Diels 

New Zealand 

B. Parris 1 1713 

UTC 

U18639 


Lindsaea e ns (folia Sw. 

Hawaii, USA 

D. Palmer s.n. 

UTC 

U05928 


Lindsaea parasitica (Roxb. 
ex Griffith) Hieron. 

Brunei 

Kew #1991-1934 

UTC 

U18640 


Lonchitis hirsuta L. 

Puerto Rico 

F. Axelrod 4221 

UPRRP, UTC 

U05929 

U18632 

*Lonchitis mannii (Baker) 
Alston 

Cameroon 

UC #1506786 

UC 

U18641 


Microlepia strigosa 
(Thunb.) C. Presl 

Hawaii, USA 

Wolf & Anderson- 
Won g 249 

UTC 

U05931 


Microlepia szechuanica 
Ching 

Unknown 

spores 

UTC 

U18643 


Microlepia platyphylla 
(Don) J. Sm. 

China 

spores 

UTC 

U18642 


Odontosoria chinensis (L.) 

J. Sm. 

Hawaii, USA 

T. Ranker 1231 

COLO 

U05934 

U18627 

OdontosorLa scandens 
(Desv.) C. Chr. 

Puerto Rico 

F. Axelrod 5353 

UF'RRP 

U05935 


Orthiapteris kingii (Bedd.) 

Holtt. 

Indonesia 

M. Hasebe 27604 

TI 

U18644 


Paesia scaberula (Rich.) 

Kuhn 

Unknown 

AFS Spore Ex¬ 
change 

UTC 

U05937 

U18633 

Pteridium aquilinum (L.) 
Kuhn 

Idaho, USA 

Wolf 237 

UTC 

U05939 

U18628 

Pteridium esculentum (G. 
Forst.) Cockayne 

Australia 

UCBG #56.0657 

UTC 

U05940 


* Saccoloma moluccan um 

(Blume) Kuhn 

Phillipines 

A. Enter 9067 

VT 

U18649 


*Saccoloma elegans Kaulf. 

Ecuador 

D. Barrington 

1064 

VT 

U18645 


*Tapeinidium melanesicum 
Kramer 

Fuji 

A. C. Smith 9382 

UC 

U18647 
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Table 1. Continued. 


Species 

Origin 

Source 

Voucher 

deposit 

Genbank Genbank 

Acc. # Acc. # 

rbcL 18S 

Tapeinidium luzonicum 
(Hook.) Kramer 

Taiwan 

Huang & Kao 

7525 

uc 

U18646 


Monachosorum henryi 

Taiwan 

R. Moran 5461 

HAST, MO, F 

U05932 


Christ 

Cyathea sp. 

Cult. Hawaii 

Wolf & Anderson- 
Won g 256 

UTC 

U05914 


Calochlaena villosa (C. 

Papua N.G. 

Kew #1974-94 

UTC 

U05912 


Chr.) Turner & White 

Culcita coniifolia (Hook.) 

Costa Rica 

Barrington s.n. 

UTC 

U18648 


Maxon 

Cibotium glaucum (J. E. 

Hawaii, USA 

SA #82-159 


U05913 


Sm.) Hook. & Arn. 

Polystichum muni turn 
(Kaulf.) C. Presl. 

Idaho, USA 

Soltis & Soltis 

1845 

WS 

U05938 


Tectaria gaudichaudii 
(Mett.) Maxon 

Hawaii, USA 

Wolf & Anderson - 
Wong 268 

UTC 

U05946 


Adiantum raddianum C. 

Presl 

Hawaii, USA 

Wolf & Anderson- 
Wong 244 

UTC 

U05906 

U18621 

Pteris vittata L. 

Hawaii, USA 

Wolf & Anderson- 
Wong 257 

UTC 

U05941 


Botrychium lunciria (L.) Sw. 
Oph i og l os sum eng el man ii 

Taiwan 

R. Moran 5426 
RLC 

MO 


U18623 

U18515 

Prantl 

Vandenboschia davallioides 
(Gaud.) Copel. 

Hawaii, USA 

Wolf & Anderson- 
Won g 248 

UTC 


U18629 

Dicksonia antarctica Labi 11. 

Osmund a cinnamomea L. 

Australia 

MBG #830474 
(2) 

RLC 

UTC 


U18624 

U18516 

Dicranopteris linearis 
(Burm. f.) Underw. 

Hawaii, USA 

Wolf & Anderson- 
Wong 255 

UTC 

U18626 

U18625 

Blechnum brasiliense Desv. 

Unknown 

MBG #801368 

UTC 


U18622 


from spores, and herbarium specimens (Table 1). Genomic DNA was extracted 
from fresh material following Doyle and Doyle (1987), with modifications of 
Soltis et al. (1991). Desiccated fronds and herbarium specimens were rehy¬ 
drated at 40°C for 1 hour, ground in liquid nitrogen, followed by the DNA 
extraction procedures of Rogers and Bendich (1985). Except for samples from 
herbarium specimens, a 1320 bp region of rbcL was amplified using Polymer¬ 
ase Chain Reaction (PCR) following Wolf et al. (1994). Because DNA from 
herbarium specimens was often slightly degraded, I amplified small portions 
(< 500 bp) using up to six pairs of sequencing primers (one forward and one 
reverse complementary). Preparation of single stranded template and sequenc¬ 
ing of both strands followed Wolf et al. (1994). 

A small selection of the taxa was used to test the phylogenetic utility of a 
ribosomal gene. Initial amplification and sequencing of 18S nuclear ribosomal 
RNA genes used the primers developed by Hamby and Zimmer (1988) and 
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Table* 2. PCR and sequencing primers used for analysis of I8S nrDNA. Position refers to published 
soybean rRNA (Eckenrode et al., 1985); direction denotes Forward or Reverse-complimentary. Primer 
sequences are written 5' to 3'. P = PCR primer; *See Bult et al. (1992); tKindly provided by C. Bult 
and E. Zimmer. 


F 

Timer name 

Position 

Direc¬ 

tion 

Sequence (5' to 3') 

P 

N26F 

26-55 

F 

TAA GCC ATG CAT GTG TAA GTA TAA ACT CTC 

P 

Cl750 R 

1750-1779 

R 

GAA ACC TTG TTA CGA CTT CTC CTT CCT CTA 


NS53 

53-70 

F 

GCA TGT GTA AGT ATA AAC 


NS357 

387-404 

F 

GGA GAG GGA GCC TGA GAA 

t 

N18F 

440-456 

F 

AAA TTA CCC A AT CCG AC A 


NS 120 0 

1202-1222 

F 

GGG AAA CTT ACC AGG TCC AGA 


NS 153 6 

1517-1534 

F 

GGG ATA GAT CAT TGC A AT TAT 


NS 160 0 

1546-1566 

F 

GGG TAA TCT TTT GAA ATT 


C290 

308-325 

R 

GAA AGT TGA TAG GGC AGA 

* 

CI8E 

308-332 

R 

TAC CAT CGA A AG TTG ATA GGG CAG 


CS556 

536-556 

R 

CCT CCA ATG GAT CCT C'GT TAA 

* 


554-571 

R 

TGG CAC CAG ACT TGC CCT 


C922 

976-993 

R 

CCC CCA ACT TTC GTT CTT 

* 

C18H 

1131-1160 

R 

GCC CTT CCG TCA ATT CCT TTA AGT TTC AGC 


C1300 

1257-1274 

R 

CCA CCA CCC ATA GAA TCA 

* 

C18J 

1424-1450 

R 

TCT AAG GGC ATC ACA GAC CTG TTA TTG 


C1600 

1518-1535 

R 

AAA TTT CAA AAG ATT ACC 


C1650 

1630-1647 

R 

GGG CGG TGT GTA CAA AGG 

* 

C18L 

1750-1767 

R 

CGA CTT CTC CTT CCT CTA 


Bult et al. (1992). Partial sequences were used to design fern-specific PCR and 
sequencing primers (Table 2). For phylogenetic analysis I also used unpub¬ 
lished 18S rDNA sequences kindly provided by R. L. Chapman (Table 2). Data 
matrices for both genes are available from the author. 

Phylogenetic Analysis. —I used maximum parsimony (MP) and maximum 
likelihood (ML) to generate phylogenetic hypotheses from rbcL and 18S rDNA 
sequence data. For the MP analysis I used the computer software PAUP (Phy¬ 
logenetic Analysis Using Parsimony) 3.1.1 (Swofford, 1993) run on a Macin¬ 
tosh Quadra 800. To search for shortest trees I used the HEURISTIC search 
option with random sequence addition, MULPARS (saving all shortest trees), 
COLLAPSING ZERO-LENGTH BRANCHES, TBR (tree bisection-reconnection), 
and STEEPEST DESCENT in effect. I repeated the analysis 50 times with dif¬ 
ferent random seed numbers to increase the chances of finding all islands of 
possible trees (Maddison, 1991). The searches were initially performed using 
equal character weighting. Analyses for rbcL were repeated using the weight¬ 
ing scheme of Albert et al. (1993), which incorporates a transition/transversion 
bias for rbcL. The step matrices of Albert et al. (1993) were used in the as¬ 
sumptions block of the PAUP input file. 

I used bootstrap analyses (100 replicate heuristic searches with random ad¬ 
dition) for both weighted and unweighted analyses to assess the degree of 
support for each monophyletic group on the strict consensus tree. All trees up 
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to four steps longer than the shortest tree were saved with the FILTER TREES 
option and strict consensus trees of these suboptimal solutions were used to 
obtain decay values for each branch (Bremer, 1988). Based on previous studies 
(Hasebe et al., 1994; Wolf et al., 1994), I chose Calochlaena, Cyothea, and 
Dicksonia for outgroups with which to root the trees of Dennstaedtiaceae rbcL. 
In addition, supplementary outgroups ( Adiantum and Pteris from Pteridaceae 
and Polystichum and Tectaria from Dryopteridaceae) were used to examine 
the placement of these families relative to Dennstaedtiaceae. Because the test 
of 18S rDNA was exploratory, I sampled a wider taxonomic group and used 
Ophioglossum and Botrychium to root the trees. The amount of nonrandom 
structure in both data sets was assessed using the RANDOM TREES (10,000 
trees) option in PAUP. The g, statistic measures skewness of the frequency 
distribution of the random trees and can be used to evaluate the structure of 
the data (Hillis and Huelsenbeck, 1992; but see Kallersjo et al., 1993). 

For ML analysis I used the computer program fastDNAml, version 1 . 1.1 (G. 
J. Olsen et al., 1994a), based on the procedures of Felsenstein (1981). The 
program was run on a DEC Station 5500 with an MIPS3000 CPU using the 
Ultrix operating system. Each data set was analyzed 20 times, with the ‘ jum¬ 
ble” and “global” search option, using empirical base frequencies. Confidence 
intervals were calculated for ML trees to test whether trees were significantly 
different from each other (Hasegawa and Kishino, 1989). MacClade 3.03 (Mad- 
dison and Maddison, 1992) was used to examine character evolution and es¬ 
timate transition/transversion (Ts/Tv) ratios of the 18S data set. For character 
evolution studies, trees were rooted using phylogenetic patterns observed in 
the results of Hasebe et al. (1995). For both rbcL and 18S, I estimated the mean 
number of nucleotide substitutions per site, based on the Kimura 2-parameter 
model (Kimura, 1980), using the Dnadist program of PHYLIP version 3.51c 
(Felsenstein, 1993). 


Results 

Nucleotide data from both rbcL and 18S contained a statistically significant 
(at p <0.01) amount of nonrandom structure (Table 3), suggesting that a phy¬ 
logenetic signal is present. Although Hillis and Huelsenbeck (1992) do not 
provide critical values of g, for the number of taxa used in this study (36), my 
g, values are greater than the more conservative critical values for fewer taxa. 
Lengths and In likelihoods of optimal trees and other tree statistics are given 
in Table 3. Pairwise distance values are compared for rbcL and 18S using the 
same 12 leptosporangiate taxa (Table 4). The number of substitutions per site, 
averaged across a total of 66 pairwise comparisons was 0.148 (s.e. = 0.005) for 

rbcL and 0.017 (s.e. = 0.001) for 18S rDNA. 

I examined 1320 nucleotide positions for rbcL, of which 609 (46.1%) were 
variable among taxa and 407 (30.8%) were potentially informative. For the 
unweighted parsimony analysis, I found 2 equally most parsimonious trees ol 
1661 steps, the consensus of which is shown in Fig. 2. The only difference 
between the shortest trees was the position of Leptolepia as a sister to alter- 
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rbcL 


18S rRNA gene 


Number of nucleotide examined 
Number of variable sites 
Number of informative sites 
Random trees skewness (gl) 
Length of shortest MP tree 
Consistency index 
Homoplasy index 
Rescaled consistency index 
Retention index 
Ln likelihood of ML tree 
Transition/transversion ratio 


10551 


1656 


1320 

609 

407 


0.46 

0.54 

0.30 

0.64 


2.9 


0.88 


4051 


1860 

215 

71 


268 


0.83 
0 . 17 
0.65 
0.54 


2.32 


1.36 


native Dennstciedtia species. Both shortest trees had the same number of base 
substitutions at each codon position: 197 (11.9%) at first; 123 (7.4%) at second; 
and 1341 (80.7%) at third codon positions. Of the 1661 changes, 1221 (73.4%) 
were synonymous substitutions and 440 (26.6%) were nonsynonymous sub¬ 
stitutions. The weighted analysis found a single shortest tree, identical to one 
of the unweighted trees, with Leptolepia as a sister to Dennstaedtia auriculata. 
From the 20 replicate ML runs, I recovered 5 trees, of which the top 4 did not 
differ significantly from each other or from the shortest MP tree, based on the 
Hasegawa and Kishino (1989) test. The strict consensus of the four shortest 
ML trees is identical to Fig. 2, except that two branches (indicated by bars) 
are collapsed. Also, Leptolepia was a sister to Dennstaedtia auriculata in all 
ML trees recovered. In the fifth ML tree, the outgroup genera from Dryopteri- 
daceae emerged within the Dennstaedtiaceae sensu stricto clade and Lonchitis 
emerged on a long branch separate from Dennstaedtiaceae sensu lato. 

The 18S rRNA gene sequences could be aligned with 15 scattered single 
nucleotide insertions or deletions, only 2 of which were phylogenetically in¬ 
formative by uniting Botrychium and Ophioglossum. Of the 1860 sites exam¬ 
ined, 215 (11.6%) were variable among taxa and 71 (3.8%) were phylogenet¬ 
ically informative. Using equal-weighting parsimony, I recovered 59 most par¬ 
simonious trees, each of 268 steps. The 50% majority-rule consensus of these 
59 is shown in Fig. 3, from which the strict consensus tree can be seen by 
collapsing branches with a decay value of zero. Twenty runs of fastDNAml 
recovered eight different ML trees that did not differ significantly using the 
statistical test of Hasegawa and Kishino (1989). The strict consensus of the 
eight ML trees is shown in Fig. 4. All 8 ML trees were among the 59 MP trees 
of 268 steps. Based on unambiguous nucleotide changes, the transition/trans¬ 
version ratio of fern 18S is 1.36 (Table 5). Base changes were distributed fairly 
evenly along the 18S rRNA gene (Fig. 5), except for possible “hot spots” 
around positions 300, 750 and 1450. 
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Table 4. Pairwise distance values based on the Kimura 2-parameter model. Values above the diagonal 
are for rbcL; those below the diagonal are for I8S rDNA. 



Pteri. 

Histi. 

Hypol. Paesia 

Lonch. 

Odont. Adi an. 

Blech. 

Dicks. 

Vande. 

Dicra. 

Osmun. 

Pteridium 


0.048 

0.056 

0.056 

0.135 

0.146 

0.153 

0.110 

0.122 

0.205 

0.153 

0.167 

Histiopteris 

0.003 


0.040 

0.032 

0.121 

0.139 

0.133 

0.107 

0.1 15 

0.199 

0.154 

0.159 

Hypole pis 

0.003 

0.002 


0.048 

0.138 

0.152 

0.154 

0.121 

0.124 

0.207 

0.164 

0.176 

Paesia 

0.004 

0.002 

0.009 


0.127 

0.150 

0.143 

0.120 

0.119 

0.202 

0.155 

0.170 

Lone hit is 

0.023 

0.023 

0.022 

0.023 


0.145 

0.160 

0.157 

0.145 

0.206 

0.183 

0.189 

Odontosoria 

0.012 

0.013 

0.019 

0.013 

0.020 


0.171 

0.152 

0.145 

0.201 

0.197 

0.184 

Adiantum 

0.009 

0.008 

0.006 

0.008 

0.026 

0.014 


0.154 

0.163 

0.216 

0.182 

0.186 

Blechnum 

0.007 

0.006 

0.005 

0.006 

0.023 

0.01 1 

0.007 


0.136 

0.214 

0.172 

0.174 

Dicksonia 

0.008 

0.008 

0.006 

0.008 

0.024 

0.010 

0.006 

0.004 


0.169 

0.145 

0.142 

Vandenhoschia 

0.013 

0.012 

0.011 

0.012 

0.025 

0.012 

0.013 

0.011 

0.009 


0.167 

0.162 

Dicranopteris 

0.021 

0.021 

0.019 

0.021 

0.035 

0.024 

0.019 

0.020 

0.019 

0.016 


0.128 

Osmund a 

0.033 

0.032 

0.031 

0.033 

0.047 

0.033 

0.030 

0.028 

0.030 

0.031 

0.031 



Discussion 

The optimal trees from phylogenetic analyses of two data sets were largely 
congruent with previous molecular as well as non-molecular hypotheses. I will 
focus first on systematic implications of the results, and then discuss the po¬ 
tential use of 18S rDNA data. 

Caveats. —Nucleotide sequences provide data that can be analyzed phyloge- 
netically and assessed for a phylogenetic signal. Each nucleotide position is 
present in all taxa (for rbcL), making analysis easier than for complex mor¬ 
phological characters which may be difficult to code for character state or may 
be absent from some taxa. However, a molecular study such as this is not 
immune to pitfalls, and therefore the limitations of the data set should be 
outlined. The most serious limitation concerns sampling. A morphological 
study can include many hundreds of specimens for each taxon, but time and 
money limit the sample size in molecular studies. The importance of sampling 
(for any systematic study) was stressed by Holttum (1973), who emphasized 
that representative samples were needed for making valid generalizations 
about taxa, especially higher taxa. “Aberrant” samples within a taxon, or sam¬ 
ples assigned to the wrong species, or even wrong genus, lead to invalid con¬ 
clusions. I attempted to sample in a representative manner, and to check iden¬ 
tifications of specimens. However, mistakes are possible, and sampling is rare¬ 
ly adequate in any study, so including additional samples would undoubtedly 
increase resolution, and may result in alternative inferences. Although it is 
possible to test for non-randomness in phylogenetic data (Hillis and Huelsen- 
beck, 1992), this nonrandomness is not necessarily a signal of the true phy- 
logeny (Kallersjo et al., 1992). Reliance on data from a single gene (or small 
group of morphological characters) is unwise and it is strongly recommended 
that taxonomic changes not be made on the basis of such limited data. The 
addition here of data from a second gene is an essential part of inferring phy- 
logenies with confidence. Such confidence comes from detecting phylogenetic 
clades with high statistical confidence in independent data sets, both molec- 
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Fig. 2. Consensus of two shortest parsimony trees of rbcL. Number in square brackets denotes 
decay index of branch below. Percentages indicate number of times branch above appeared in IDO 
bootstrap resamples of data. Dotted bars on two of the branches indicate that those branches 
collapse on strict consensus of four ML trees. 


ular and nonmolecular. In practice, phylogenetic inferences from a single mo¬ 
lecular data set may have two alternative consequences. Those patterns that 
are congruent with morphological data are considered as additional evidence 
for a particular hypothesis. Those patterns that differ from patterns based on 
morphology are treated as hypotheses for further testing. In the latter case, 
both additional molecular data and further morphological (and cytological and 
developmental) studies are sought. For example, the phylogenetic position of 
Lonchitis found by Wolf et al. (1994) was incongruent with most taxonomic 
treatments, but consistent with some nonmolecular data. Here, new molecular 
data (additional taxa and an additional gene) supported the previous inference, 
but further morphological studies are still required. 
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Fig. 3. The 5(3% majority rule consensus tree of 59 shortest MP trees of 18S rRNA genes. Number 
in square brackets denotes decay index of branch below. Thus, the strict consensus can be inferred 
by collapsing branches with a decay value of zero. Percentages indicate number of times branch 
above appeared in 100 bootstrap resamples of data. 


General Patterns at the Family Level.— Increasing taxon density in Den- 

nstaedtiaceae improved resolution and confirmed some previous patterns 
(Wolf et al., 1994). Dennstaedtiaceae sensu Kramer (1990a) were not mono- 
phyletic in optimal trees either of rbcL or 18S. Genera in the family appeared 
on four main clades: 1) Orthiopteris ; 2) lindsaeoid taxa; 3) Tapeinidium\ and 
4) the remaining genera, which comprise most of Dennstaedtiaceae sensu stric- 
to. The last clade consisted of two main groups of genera, (hereafter designated 
the “ Hypolepis ” and “ Dennstoedtia” clades) similar to the findings of Wolf et 
al. (1994). Although I used only eight genera outside Dennstaedtiaceae, the 
above pattern was identical to that with a larger sample of additional nonden- 
nstaedtiaceous taxa (Hasebe et al., 1995). The inclusion of supplementary out¬ 
groups from Dryopteridaceae within the Dennstaedtiaceae sensu stricto clade 

in one of my ML results here, whereas Dennstaedtiaceae sensu 


was seen only 
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I-Ophioglossum 

-Botrychium 

Fig. 4. Strict consensus of the eight maximum likelihood trees of 18S rRNA genes. 


stricto were found to be monophyletic in the optimal ML and MP trees in this 
analysis, as well as in other rbcL studies (Hasebe et al., 1994; Wolf et ah, 1994; 
Hasebe et ah, 1995). 

I sampled more than one species for 9 of the 15 genera of Dennstaedtiaceae 
examined. Dennstaedtia was the only genus that was not monophyletic on the 
optimal trees. Both Microlepia and Leptolepia were included in the Denn¬ 
staedtia clade. Mickel (1973) noted the unclear distinction between some 
members of Dennstaedtia and Microlepia. My sampling is sufficient to suggest 
paraphyly of Dennstaedtia but not sufficient to indicate, with accuracy, where 
generic boundaries exist or where Microlepia emerged in Dennstaedtia. 

Genera not previously examined. —a) Tapeinidium is ordinarily treated with 
the lindsaeoid genera (Kramer, 1990a). In both the MP and ML analyses of 
rbcL, this genus emerged at the base of a dryopteroid clade. When I included 
Tapeinidium in the larger data set of Hasebe et al (1995), MP analysis also 
placed Tapeinidium at the base of the Dryopteroid clade (data not shown). The 
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Table 5. Numbers of different types of base pair substitutions for the fern 18S rRNA gene. 
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overall similarities between Tapeinidium and Sphenomeris (Kramer, 1957) re¬ 
sult in the grouping of Tapeinidium with the lindsaeoid genera in most, if not 
all, modern treatments. Kramer (1967) noted that the spores of Tapeinidium 
are uniformly monolete (and ellipsoidal), and some larger species possess a 
true solenostele. Thus, two of the main diagnostic morphological features are 
not consistent with placement in the lindsaeoid genera, which have a char¬ 
acteristic protostele and trilete spores. Chromosome numbers of n = 60 (Tsai 
and Shieh, 1983) are also consistent with segregation of Tapeinidium from the 
lindsaeoid genera. 

b) Saccoloma is usually included in the Hypolepis group (Lovis, 1977; Tryon 
and Tryon, 1982) or in its own subfamily (Kramer, 1990a). In older works, the 
characteristic pouch-shaped indusia led some workers to suggest a link to Dav- 
allia (see Nair, 1979). Saccoloma grouped within Dennstaedtiaceae sensu stric- 
to in all my analyses, and inclusion of Davallia rbcL in my data set did not 
support a relationship with Saccoloma ; Davallia emerges within the dryop- 
teroid clade near Polypodiaceae (Hasebe et al., 1995). Saccoloma differs from 
other genera in Dennstaedtiaceae sensu stricto because of a distinctive scaly 
rhizome (Nair, 1979). To my knowledge, affinities with other Dennstaedtia- 
ceous genera have not been proposed explicitly. 

c) Orthiopteris is usually treated in Saccoloma because of similarities in 
spores and other characters (Tryon, 1962; Tryon and Lugardon, 1990). How¬ 
ever, Orthiopteris has decompound leaves, unlike those of the type of Sacco¬ 
loma {S. elegans), which are simply pinnate (Kramer, 1990a). In both my anal¬ 
yses and those of Hasebe et al. (1995), Orthiopteris emerged on its own lineage 
that branched after the tree ferns but before the lindsaeoid and other higher 
indusiate groups. 

d) Leptolepia, a monotypic genus, is found in New Zealand, where it is 
probably endemic (Kramer, 1990a). On the rbcL trees, Leptolepia was derived 
from within Dennstaedtia, forming a sister group either to D. samoensis or D. 
auriculata. Close relationships have been proposed between Leptolepia and 
both Dennstaedtia and Microlepia (Copeland, 1947; Tryon and Tryon, 1982; 
Kramer, 1990a). As indicated above, additional species of Dennstaedtia and 
Microlepia must be analyzed to resolve the relationships of these genera and 
to identify sister taxa to Leptolepia. 

e) Coptodipteris was most recently treated within Dennstaedtia (Tryon and 
Tryon, 1982; Kubitzki, 1990), as D. wifordii (Moore) Koidz. ex Tagawa. but 
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pled. 


emerged as a sister to Saccoloma within the Hypolepis group, somewhat sep¬ 
arate from Dennstaedtia in my analysis. This supports the segregation of the 
genus by Nakai and Momose (1937). Coptodipteris has a distinctive morphol¬ 
ogy (small, delicate, crowded leaves), but the coarsely tuberculate spores are 
similar to those of D. appendiculata, leading Tryon and Lugardon (1990) to 
favor inclusion of Coptodipteris in Dennstaedtia. Additional molecular data 
from D. appendiculata are needed to test these relationships further. 

Confirmation of Previous Findings. —a) Adding a second species of Lonchitis 
[L. inannii ) to the previous data set (Wolf et ah, 1994) did not break up a clade 
that included Lonchitis with the lindsaeoid genera Odontosoria and Lindsaea. 
This clade was relatively robust, and did not collapse except on the strict 
consensus of trees four steps longer than the shortest trees found. Only the 
fifth most optimal ML tree (which differed statistically from the four shortest) 
failed to show Lonchitis in the lindsaeoid clade. Constraining the tree to in- 
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elude Lonchitis in the main Dennstaedtiaceae sensu stricto clade increased the 
length of the tree by at least seven steps, and the resulting trees differed from 
the optimal tree with statistical significance, based on a test of likelihood dif¬ 
ferences (Hasegawa and Kishino, 1989). Furthermore, the affinity of Lonchitis 
to Odontosoria was supported by analysis of 18S data using both MP and ML. 
As discussed by Wolf et al. (1994), the spores of Lonchitis show similarities 
to lindsaeoid genera (Tryon and Lugardon, 1990), so the molecular data are 
not entirely incongruent with morphological patterns. Divergent chromosome 
numbers have been reported in Lonchitis (Walker, 1966). The species sampled 
here include n = 50 tor L. hirsuta and n = 38 for L. mannii. The chromosome 
number for L. hirsuta fits into the general scheme of lindsaeoid genera (base 
numbers of 47-50). 

b) Monachosorum emerged at the base of the Hypolepis group of genera in 
all previous analyses of rbcL (Hasebe et al., 1994; Wolf et al., 1994; Hasebe et 
al., 1995). This pattern was also seen in most of the optimal trees in the present 
study, but this phylogenetic position is not well-supported. Moving Monacho¬ 
sorum either to the base of the Dennstaedtia group or below Dennstaedtiaceae 
sensu stricto added only two steps to the tree. The treatment of Monachosorum 
within Dennstaedtiaceae sensu stricto is most consistent with molecular data 
so far. Examining phylogenetic relationships based on 18S sequence data from 
Microlepia, Dennstaedtia, and Monachosorum can serve as a further test of 
relationships. 

c) Pteridium has emerged within the Hypolepis group in all phylogenetic 
studies of fern rbcL. The importance of Pteridium as a study organism makes 
it desirable to know its sister genus. Paesia, Hypolepis, and Histiopteris have 
all been implicated (Page, 1976). However, if Pteridium emerged early in the 
Hypolepis group, then its sister taxon is probably extinct, and Histiopteris, 
Blotiella, Saccoloma, Coptodipteris, and Hypolepis are all equally appropriate 
sister genera, because all diverged from Pteridium at the same time. Equal 
degrees of morphological divergence would not necessarily be expected. 

d) Culcita is treated in Dicksoniaceae in most recent taxonomic works. How¬ 
ever, Holttum (1947, 1949) considered the genus to be related to Dennstaedtia. 
Previous molecular tests of this hypothesis have used species from the segre¬ 
gate genus Calochlaena (Hasebe et al., 1994; Wolf et al., 1994). The addition 
here of Culcita coniifolia is consistent with inferences from previous molecular 
studies, and supports the inclusion of both Calochlaena and Culcita (which 
appear to be sister taxa) in the tree ferns (e.g., Dicksoniaceae) rather than Denn¬ 
staedtiaceae. 

Implications for Evolljtion of Chromosome Numbers. —Results of cytologi- 
cal studies have markedly improved our understanding of fern phylogeny. 
However, the phylogenetic utility of chromosome numbers is limited, because 
number patterns can be arranged in many different ways (Manton, 1950; Man- 
ton and Sledge, 1954; Lovis, 1977). As usual, it is congruence with other 
sources of information that provides valuable clues. Dennstaedtiaceae sensu 
lato are one of the most diverse fern families in terms of chromosome number, 
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a characteristic that prompted this study. I examined the distribution of base 
chromosome numbers across the rbcL (MP) phytogenies of Dennstaedtiaceae 
sensu lato (Fig. 7). Chromosome numbers were gathered from several sources 
(Walker, 1973; Lovis, 1977; Tryon and Tryon, 1982; Kubitzki, 1990), with the 
many original references checked but not cited here. The noticeable congru¬ 
encies include x=49, 50 in Lonchitis, which corresponds to similar numbers 
in Lindsaea and Odontosoria. Additional numbers (e.g., in the thirties) are 
known from Lindsaea, and we would benefit from the inclusion of such taxa. 
Tapeinidium has been reported with n-60 (Tsai and Shieh, 1983), which does 
not fit well in any lineage in Dennstaedtiaceae sensu lato and is consistent 
with its position on the rbcL phylogeny. The reported number of n = 32 in 
Saccoloma is close to n = 31 for Coptodipteris. The patterns in the Dennstaedt- 
ia group are difficult to interpret because of limited sampling. The number in 
Leptolepia (n = 47) corresponds to its sister group in Dennstaedtia, but the 
placement of Microlepia (n=43) as sister to D. punctilobula (n = 34) requires a 
major jump. Trends of aneuploid reduction have been implicated in the evo¬ 
lution of Dennstaedtiaceae (Walker, 1973; Lovis, 1977). Such a pattern can he 
seen in the Hypolepis clade in which basal groups having numbers in the 
fifties, via intermediate clades of Histiopteris and Blotiella (n=48 and n = 38, 
respectively), to lower numbers in clades at the tips (n = 26 in Paesia, n- 32 in 
Saccoloma, and n = 31 in Coptodipteris). More chromosome counts and phy¬ 
logenetic data are needed to infer aneuploid reduction in the lindsaeoid and 
“Dennstaedtia ” clades. 

Implications for Morphological Evolution. —Several hypotheses of fern 
phylogeny have been proposed based on nonmolecular data, but only one pub¬ 
lished study provides a formal cladistic analysis of character state changes 
(Wagner, 1969). The results of Wagner's study are, overall, not highly congru¬ 
ent with similarly broad molecular studies (Hasebe et al., 1994; Wolf et ah, 
1994). Detailed and comprehensive morphological studies will be needed to 
compare morphological and molecular phylogenies of Dennstaedtiaceae, as 
has been done for a broader group of fern taxa (Pryer et al., 1995) Meanwhile, 
as a heuristic exercise, I examined the distribution of key characters on the 
shortest (MP) rbcL tree. The characters chosen are those that are considered 
as diagnostic and therefore included in taxon descriptions. Furthermore, I have 
examined hypotheses presented by Mickel (1973) in his review of the system- 
atics of Dennstaedtiaceae. In analyzing data in this way, I do not imply that 
the rbcL tree is the true tree. Rather, it is my optimal solution with present 
data, to which increased resolution and changes will occur as both further 
molecular and nonmolecular data are added. 

a) Spores. Although spore characters are extremely useful for examining af¬ 
finities at the generic level, Tryon and Lugardon (1990) cautioned that the two 
main spore shapes, trilete and monolete, are not fundamentally different. How¬ 
ever, the distribution of spore shape is highly congruent with molecular phy¬ 
logenies. On the rbcL MP tree (Fig. 6), trilete spores are primitive and found 
in the tree ferns, Orthiopteris, and lindsaeoid genera, including Lonchitis. 
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spore: T=trilete; M=monolete. 

stem: S=solenostele; P=protostele; 
D=dictyostele. 

son: M=marginal; S=submarginal; 
T=terminal; D=dorsal. 


Fig. 6. Changes in morphological characters superimposed on a simplified version of the shortest 
rbcL tree. Numbers across top indicate most common base chromosome numbers for the genus 
(see text). 


Monolete spores were derived independently only twice: once on the main 
dryopteroid clade (below Tapeinidium) and also within Dennstaedtiaceae sen- 
su stricto on the branch leading to the sister clade of Pteridium. Trilete spores 
were then secondarily derived on the branch leading to Saccoloma and Cop- 
todipteris. Additional shifts between trilete and monolete spores would been 
inferred if more taxa were included. For example monolete spores are also 
derived on a clade within Vittariaceae (Hasebe et al., 1994; Crane et al., 1995; 
Hasebe et al., 1995). Nevertheless, the overall patterns suggest that spore struc¬ 
ture, in concert with other characters, can be a useful phylogenetic tool at the 
family level. 

b) Stem. Anatomy of the stem is generally considered a conservative mor¬ 
phological character and one of the main features distinguishing the lindsaeoid 
genera from Dennstaedtiaceae sensu stricto. On the molecular phylogeny, a 
dictyostelic stem is primitive, with the lindsaeoid protostele derived above 
Lonchitis, on the Odontosoria/Lindsaea clade. The dennstaedtioid solenostele 
evolved on the main lineage, and dictyosteles were derived secondarily on 
branches leading to Saccoloma, dryopteroids, Monachosorum, Blotiella, and 
some members of Pteridaceae. If the rbcL tree is close to the true tree, then it 
suggests that overall stelar anatomy may not be as diagnostic for higher taxa 
as chromosome base numbers or spore shape. 

c) Sorus position. A marginal sorus position appears to be primitive for the 
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taxa studied. Dorsal sori were derived independently in the dryopteroids and 
Cyatheaceae. Terminal sori evolve separately on branches leading to Hypole- 


Monachos 
o examine 


Mickel 


Prospects for Nuclear Ribosomal Genes. —Results of the phylogenetic anal¬ 
yses of 18S rDNA sequences suggest that these data can provide a useful phy¬ 
logenetic signal. However, the rate of base pair substitution is about one ninth 
that of rbcL (Table 4). This suggests that 18S data may potentially be more 
useful than rbcL for resolving ancient branches of fern evolution. Indeed, this 
gene has been used for phylogenetic studies of algae (J. L. Olsen et ah, 1994; 
Ragan et ah, 1994), bryophytes (Waters et ah, 1992; Mishler et ah, 1994), and 
vascular plants (Wolf, Chapman, and Hedderson, unpubh). Increased phylo¬ 
genetic utility at deep nodes does not necessarily imply lack of utility at the 
tips of a phylogeny. The distribution of base pair substitutions (Fig. 6) suggests 
that 18S rDNA may also be useful for examining relatively recent phylogenetic 
events (as long as nucleotide differences can he detected among taxa). The 
areas of higher substitution may provide a signal for recent events, whereas 
variation in slower evolving regions may be more useful for ancient events. 


Conclusions and Prospects. —The overall phylogenetic position of Denn- 
staedtiaceae in broader phylogenetic studies (Hasebe et ah, 1994; Wolf et ah, 
1994; Hasebe et ah, 1995) suggests that the clades diverged relatively early 
from other leptosporangiate ferns. This is consistent with the fossil record and 
the family’s possession of characters that are generally considered primitive. 
However, it may be the sharing of primitive (sympleisiomorphic) characters 
that led to the idea of a relationship between the lindsaeoid genera and Denn- 
staedtiaceae sensu stricto. Analysis of morphological characters within a phy¬ 
logenetic framework is needed to determine which character states are syna- 
pomorphic. 

Future prospects therefore lie in studies of morphology, development, and 
ultrastructure to provide additional phylogenetic data. Molecular data from 
other genes may also be useful, and currently I am examining variation in the 
chloroplast gene atpB and also internal transcribed spacer regions of nuclear 
ribosomal genes, which appear to be evolving more rapidly than rbcL, and 
thus may be useful for examining relationships within genera. Such data are 
required to resolve relationships within Dennstaedtia and to test Walker’s 
(1973) hypothesis of two cytological lineages in Dennstaedtia. Inferring the 
position of Microlepia in this scheme will also require characters that are phy- 
logenetically useful within genera. 

Several dennstaedtiaceous taxa have yet to be examined phylogenetically. 
Ormoloma, Oenotrichia, and Xyropteris require sampling and analysis to infer 
their respective phylogenetic positions and perhaps to increase resolution for 
those taxa that have already been studied. 

In perhaps an analogous fashion to the advances made by cytology (Manton, 
1950), the use of DNA sequence data has improved the resolution of our phy- 
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logenetic hypotheses. Yet, like cytology, not all questions can be addressed by 
a single technique. The most significant breakthroughs in our understanding 
of fern evolution will result from approaches that employ several tools. 
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